SUMMARY Human knee joint menisci graded according to degenerative alterations were submitted to chemical analysis. Normal menisci contained 72% water, 0a 12% DNA, 22% collagen, and 08% total glycosaminoglycans with the following glycosaminoglycan distribution pattern: 40% chondroitin 6-sulphate, 10-20% chondroitin 4-sulphate, 20-30% dermatan sulphate, and 15% keratan sulphate. The water content increased with increasing degeneration, whereas the collagen and glycosaminoglycan contents decreased with relative increase of chondroitin 6-sulphate.
Degeneration of human knee joint menisci has been the subject of numerous morphological studies."2 In previous studies' it was shown that the first signs of spontaneous degeneration and probably of other types of degenerative processes are found in chondrocytes that have cytoplasmic vacuoles and nuclear as well as cytoplasmic lipoid droplets. Nuclear pycnosis, karyolysis, and kariorrhexis indicate irreversible cell damage. The dystrophy of chondrocytes is accompanied by morphological changes of the intracellular substance. The degenerative processes which finally impair mechanical resistance of the tissue are characterised by a progressive fragmentation of collagen fibres and the occurrence of basophilic substances. Degeneration takes place initially and most intensely in oblique and transverse fibres, whereas longitudinal fibres are only mildly affected and later during the degeneration process. The morphological stages of degeneration in knee joint menisci are listed in Table L (Figs. 1-3 ). All these parameters underwent changes that were correlated with degenerative processes. In Figs. 1-3 The water content of the menisci (Fig. 1 ) was correlated with the grade of degeneration and increased from about 70 to 85% of wet weight of tissue with increasing degeneration. The slope of the regression line (3 54 ) and the correlation coefficient (0-91) indicated this variation to be specific for degenerative processes.
The tissue content of collagen and total glycosaminoglycans, expressed as,ug/mg wet weight of tissues, showed a decrease in relation to the grade of degeneration (Fig. 2A, B) . A plot of the tissue concentration, expressed as ,ug/mg wet weight of tissue versus the grade of degeneration revealed a correlation coefficient of 0 82 for collagen and 0 68 for the total glycosaminoglycans.
The observed alterations in the water, collagen, and glycosaminoglycan content of the meniscus specimens in various degrees of degeneration were not due to age-dependent changes in these parameters. Thus, plots of the water, collagen, and glycosaminoglycans tissue concentration versus the age of the patients from whom the menisci were removed (insets of Figs. 1, 2A and 2B) showed no correlation.
When the collagen and glycosaminoglycan levels were referred to the dry weight of tissue (Fig. 3A, B) , the changes in the collagen content no longer showed a consistent correlation with the pathological grading, whereas the increase of the glycosaminoglycan content was still well correlated (correlation coefficient 0.93).
The relative proportion of individual glycosaminoglycans was also influenced by the grade of degeneration. Fig. 4 shows that the relative proportion of chondroitin 6-sulphate increased from about 35 % in normal menisci to about 55 % in grossly degenerated menisci, while dermatan sulphate, chondroitin 4-sulphate, and keratan sulphate showed a modest decrease.
METABOLISM OF MENISCI
On incubation of four specimens of human meniscus under organ culture conditions in a medium containing 0 1 % [U-'4C]glucose, 6-15 ,umol glucose were utilised per mg DNA and hour. About 60% of the utilised [14C]glucose was converted to lactate, about 3 % was released as 14CO2, and 1 5-45 % was incorporated into the glycosaminoglycans. Although these results are of a preliminary nature, they suggest an increased glucose uptake and lactate formation and a raised incorporation of [14C]glucose into the glycosaminoglycan component of proteoglycans with increasing severity of degeneration. These studies are being pursued and will be reported separately when larger numbers of specimens have been examined. 
Discussion
The fibrocartilage of knee menisci is a functionally specialised tissue that may play a role in weightbearing, nutrition, and lubrication of the articular cartilage and in joint stability. Degenerative changes of knee menisci frequently result from trauma to the joint or ure associated with joint diseases; in other cases they arise after chronic overload or even spontaneously. Therefore the present study was addressed to an investigation of the changes in chemical composition and metabolism of the menisci due to degenerative processes. In accordance with previous studies' we used a grading of degenerative alterations into four stages.
Adult human knee menisci were found to possess proteoglycan molecules of similar size and glycosaminoglycan content to those present in articular cartilage,4 5 although tissue concentrations were considerably lower. As Fig. 2 We found a decrease of the collagen content of the wet weight of tissue in relation to degeneration, but it was no longer detectable when the collagen concentration was expressed per dry weight unit of tissue. The glycosaminoglycan content of the dry weight of menisci, however, tended to increase (Fig. 3B) 
